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©  Semiconductor  device  having  a  diffused  region  of  reduced  length  and  method  of  fabricating  the  same. 

@  An  improved  semiconductor  device  having  a  diffused 
region  of  reduced  length  and  an  improved  method  of 
fabricating  such  a  semiconductor  device  are  disclosed.  The 
semiconductor  device  may  be  a  MOSFET  or  an  IGR,  by  way 
of  example.  In  a  form  of  the  method  for  fabricating  a 
MOSFET,  an  N+  SOURCE  (66)  is  diffused  into  a  P  BASE  (56) 
through  a  window  of  a  diffusion  mask.  An  anisotropic  or 
directional  etchant  is  applied  to  the  N+  SOURCE  through  the 
same  window.  The  etchant  removes  most  of  the  N+ 
SOURCE,  but  allows  shoulders  (72)  thereof  to  remain  intact. 
These  shoulders,  which  form  the  completed  N+  SOURCE 
regions,  are  of  reduced  length,  greatly  reducing  the  risk  of 
turn-on  of  a  parasitic  bipolar  transistor  in  the  MOSFET.  The 
risk  of  turn-on  of  a  parasitic  bipolar  transistor  in  an  IGR  is 
similarly  reduced,  when  the  IGR  is  fabricated  by  the  im- 
proved  method. 
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A n   improved  semiconductor  device  having  a  diffused 
region  of  reduced  length  and  an  improved  method  of 
fabricating  such  a  semiconductor  device  are  disclosed.  The 
semiconductor  device  may  be  a  MOSFET  or  an  IGR,  by  way 
of  example.  In  a  form  of  the  method  for  fabricating  a 
MOSFET,  an  N+  SOURCE  (66)  is  diffused  into  a  P  BASE  (56) 
through  a  window  of  a  diffusion  mask.  An  anisotropic  or 
directional  etchant  is  applied  to  the  N+  SOURCE  through  the 
same  window.  The  etchant  removes  most  of  the  N+ 
SOURCE,  but  allows  shoulders  (72)  thereof  to  remain  intact. 
These  shoulders,  which  form  the  completed  N+  SOURCE 
regions,  are  of  reduced  length,  greatly  reducing  the  risk  of 
turn-on  of  a  parasitic  bipolar  transistor  in  the  MOSFET.  The 
risk  of  turn-on  of  a  parasitic  bipolar  transistor  in  an  IGR  is 
similarly  reduced,  when  the  IGR  is  fabricated  by  the  im- 
proved  method. 



C r o s s - R e f e r e n c e   to  R e l a t e d   A p p l i c a t i o n  

The  p r e s e n t   a p p l i c a t i o n   is  r e l a t e d   to  c o m m o n l y - o w n e d  

U . S . P a t e n t   A p p l i c a t i o n   S e r i a l   No.  2 1 2 , 1 8 1 ,   f i l e d   December   2 ,  

1980 ,   by  B . J .   B a l i g a ,   e n t i t l e d   "Ga te   E n h a n c e d   R e c t i f i e r " .  

(A  g a t e   e n h a n c e d   r e c t i f i e r ,   or  "GERECT",  is   r e f e r r e d   to  h e r e i n  

as  an  i n s u l a t e d   g a t e   r e c t i f i e r ,   or  " I G R " ) .  

Summary  of  the   I n v e n t i o n  

0ur   i n v e n t i o n   r e l a t e s   to  a  s e m i c o n d u c t o r   d e v i c e   h a v i n g  

a  d i f f u s e d   r e g i o n   of  r e d u c e d   l e n g t h   f o r m i n g   the   SOURCE  o r  

c o r r e s p o n d i n g   r e g i o n   in  a  d e v i c e   o t h e r   t h a n   a  MOSFET,  and  t o  

a  m e t h o d   of  f a b r i c a t i n g   the   s a m e .  

Our  i n v e n t i o n   i s   p a r t i c u l a r l y   u s e f u l   in  h e l p i n g   t o  

p r e v e n t   t u r n - o n ,   or  i n c i p i e n c e   of  c u r r e n t   c o n d u c t i o n ,   in  a  

p a r a s i t i c   b i p o l a r   t r a n s i s t o r   i n h e r e n t   in  some  t y p e s   of  s e m i -  

c o n d u c t o r   d e v i c e s ,   such   as  MOSFETs  or  IGRs.   T u r n - o n   of  s u c h  

p a r a s i t i c   t r a n s i s t o r   is  i n e v i t a b l y   a c c o m p a n i e d   by  a  p a r t i a l  

or  t o t a l   l o s s   of  c o n t r o l   of  c u r r e n t   in  t he   s e m i c o n d u c t o r  

d e v i c e ,   and  may  even   r e s u l t   in  c o m p l e t e   d e s t r u c t i o n   of  t h e  

d e v i c e .  

To  h e l p   p r e v e n t   t u r n - o n   of  an  i n c l u d e d   p a r a s i t i c  

b i p o l a r   t r a n s i s t o r ,   a  t y p i c a l   p r i o r   a r t   d e v i c e ,   f o r   i n s t a n c e ,  

a  MOSFET,  i n c o r p o r a t e s   a  " e l e c t r i c a l   s h o r t " ,   or  low  r e s i s t a n c e  

c o n n e c t i o n ,   b e t w e e n   the   a d j o i n i n g   SOURCE  and  BASE  r e g i o n s ,  

wh ich   have   a  P-N  j u n c t i o n   b e t w e e n   them.  The  p u r p o s e   is  t o  

p r e v e n t   such  P-N  j u n c t i o n   from  b e c o m i n g   f o r w a r d   b i a s e d   a b o v e  

a  t h r e s h o l d   l e v e l   t h a t   would   i n d u c e   t u r n - o n   of  t he   p a r a s i t i c  

t r a n s i s t o r .   To  i n s u r e   t h a t   no  p a r t   of  the   P-N  j u n c t i o n   b e c o m e s  

e x c e s s i v e l y   f o r w a r d   b i a s e d ,   the  d i s t a n c e   b e t w e e n   the   s h o r t  



and  t he   f u r t h e s t   p a r t   of  t he   P-N  j u n c t i o n ,   which   c o r r e s p o n d s  

g e n e r a l l y   to  the   l e n g t h   of  t he   SOURCE,  s h o u l d   be  m i n i m i z e d .  

The  SOURCE,  h o w e v e r ,   has   a  minimum  l e n g t h   t y p i c a l l y   in  e x c e s s  

of  a b o u t   10  m i c r o m e t e r s ,   as  a  r e s u l t   of  t he   p r i o r   a r t   m e t h o d  o f  

f a b r i c a t i n g   t he   MOSFET. 

A  p r i o r   a r t   MOSFET  is   made  by  d i f f u s i n g   i n t o   i t s  

BASE  a  s u i t a b l e   t ype   d o p a n t ,   t h r o u g h   a  d i f f u s i o n   window,   t o  

form  i t s   SOURCE.  T h e r e a f t e r ,   an  e t c h a n t   is  a p p l i e d   to  t h e  
an  i n t e r m e d i a t e   p o r t i o n   o f  

SOURCE  t h r o u g h   an  e t c h   w indow,   to  e t c h   t h r o u g h / t h e   SOURCE. 

T h i s   r e q u i r e s   a l i g n i n g   t he   e t c h   window  o v e r   t he   SOURCE,  t h i s  

a l i g n m e n t   b e i n g   a  d e l i c a t e   p r o c e d u r e   b e c a u s e   t he   SOURCE  is  s o  

s m a l l .   C o n s e q u e n t l y ,   the   SOURCE  mus t   be  long   e n o u g h   t o  

a c c o m m o d a t e   an  a l i g n m e n t   t o l e r a n c e .   I t   would   t h u s   be  d e s i r a b l e  

to  p r o v i d e   a  s e m i c o n d u c t o r   d e v i c e   h a v i n g   a  d i f f u s e d   r e g i o n  

( i . e . ,   t he   SOURCE  in  a  MOSFET)  of   r e d u c e d   l e n g t h .  

A c c o r d i n g l y ,   i t   i s   an  o b j e c t   of  our   i n v e n t i o n   to  p r o -  

v i d e   a  s e m i c o n d u c t o r   d e v i c e   h a v i n g   a  d i f f u s e d   r e g i o n   of  r e d u c e d  

l e n g t h   f o r m i n g   the   SOURCE  or  c o r r e s p o n d i n g   r e g i o n   in  a  d e v i c e  

o t h e r   t h a n   a  MOSFET  and,   in  a d d i t i o n , a   m e t h o d   of  f a b r i c a t i n g  

the   s a m e .  

A  f u r t h e r   o b j e c t   of  our   i n v e n t i o n   is  to  p r o v i d e   a  

m e t h o d   of  f a b r i c a t i n g   a  s e m i c o n d u c t o r   d e v i c e   no t   r e q u i r i n g   a  

d e l i c a t e   a l i g n m e n t   s t e p   f o r   f o r m i n g   the   SOURCE  or  c o r r e s p o n d i n g .  

r e g i o n   i n   a  d e v i c e   o t h e r   t h a n   a  MOSFET. 

B r i e f l y   s t a t e d , i n   c a r r y i n g   ou t   one  form  of  our  i n v e n -  

t i o n   as  i t   a p p l i e s   to  a  MOSFET,  we  d i f f u s e   an  N - t y p e   d o p a n t  

i n t o   a  P  BASE,  t h r o u g h   a  d i f f u s i o n   window,   to  form  an  N+  SOURCE. 

We  t h e n   a p p l y   an  a n i s o t r o p i c   e t c h a n t , o r   e t c h a n t   t h a t   e t c h e s  



o n l y   in  a  l i m i t e d   d i r e c t i o n ,   to  the   N+  SOURCE  t h r o u g h   t h e  
same  d i f f u s i o n   w i n d o w .   T h i s   e t c h a n t   e t c h e s   away  mos t   o f  
the   N+  SOURCE;  h o w e v e r ,   the   e t c h a n t   a l l o w s   s h o u l d e r s   of  t h e  
SOURCE  to  r e m a i n   i n t a c t .   T h e s e   s h o u l d e r s ,   w h i c h  



form  the   c o m p l e t e d   N+  SOURCE  r e g i o n s ,   a r e   of  d r a m a t i c a l l y  

r e d u c e d   l e n g t h ;   t y p i c a l l y ,   t hey   a re   each   l m i c r o m e t e r   l o n g .  

No  d e l i c a t e   a l i g n m e n t   s t e p   to  form  t he   N   SOURCE  is   r e q u i r e d .  

B r i e f   D e s c r i p t i o n  o f  t h e   D r a w i n g s  

Whi le   t he   s p e c i f i c a t i o n  c o n c l u d e s   w i t h   c l a i m s  

p a r t i c u l a r l y   p o i n t i n g   ou t   and  d i s t i n c t l y   c l a i m i n g   the   s u b j e c t  

m a t t e r   wh ich   we  r e g a r d   as  our  i n v e n t i o n ,   i t   is   b e l i e v e d   t h a t   t h e  

i n v e n t i o n   w i l l   be  b e t t e r   u n d e r s t o o d   f rom  the   f o l l o w i n g  

d e s c r i p t i o n , t a k e n   in  c o n n e c t i o n   w i t h   t he   d r a w i n g s , i n   w h i c h :  

FIGURE  1A  is   a  s c h e m a t i c   v i e w   in  c r o s s - s e c t i o n   o f  

a  p r i o r   a r t   MOSFET: 

FIGURES  1B  and  1C  are   v i e w s   s i m i l a r   to  FIGURE  l A ,  

i l l u s t r a t i n g   s e l e c t i v e   p r i o r   a r t   s t e p s   of  f a b r i c a t i n g   t h e  

MOSFET  of  FIGURE  l A ;  

FIGURES  2A-2G  a re   s c h e m a t i c   v i e w s   in   c r o s s - s e c t i o n   o f  

s e l e c t e d   s t e p s   of  f a b r i c a t i n g   a  MOSFET  in  a c c o r d a n c e   w i t h   o u r  

i n v e n t i o n ;  

FIGURE  3  is   a  v iew  s i m i l a r   to  FIGURE  2G,  i l l u s t r a t i n g  

an  a l t e r n a t i v e   s e m i c o n d u c t o r   d e v i c e   in  a c c o r d a n c e   w i t h   o u r  

i n v e n t i o n ;  

FIGURES  4A-4G  a re   v i e w s   s i m i l a r   to  FIGURES  2 A - 2 G ,  
a  m e t h o d   o f  

i l l u s t r a t i n g   a  s e c o n d   e m b o d i m e n t   o f / f a b r i c a t i n g   a  MOSFET 

in  a c c o r d a n c e   w i t h   our   i n v e n t i o n ;   a n d  

FIGURE  5  is   a  v iew  s i m i l a r   to  FIGURE  4G,  i l l u s t r a t i n g  

an  a l t e r n a t i v e   s e m i c o n d u c t o r   d e v i c e   in  a c c o r d a n c e   w i t h   o u r  

i n v e n t i o n .  

D e t a i l e d   D e s c r i p t i o n   of  t h e  I n v e n t i o n  

Our  i n v e n t i o n   can  be  more  f u l l y   u n d e r s t o o d   by  f i r s t  

c o n s i d e r i n g   the   p r i o r   a r t   in  c o n n e c t i o n   w i t h   FIGURES  l A - 1 C .  



FIGURE  1A  i l l u s t r a t e s   a  p r i o r   a r t   MOSFET  10  h a v i n g  

many  i d e n t i c a l   " c e l l s " ,   or  r e p e a t e d   u n i t s   of  s t r u c t u r e .   F o r  

s i m p l i c i t y ,   e x p l i c i t   r e f e r e n c e   is  made  o n l y   to  the   c e n t r a l l y  

d e p i c t e d   c e l l   of  t he   MOSFET  1 0 .  

The  MOSFET  10  is  t y p i c a l l y   u s e d   to  c o n t r o l   the   c u r r e n t  

l e v e l   in  an  e x t e r n a l   c i r c u i t   ( no t   s h o w n ) ,   w h i c h   is  c o n n e c t e d  

b e t w e e n   i t s   SOURCE  and  d r a i n   e l e c t r o d e s   12  and  14.  I n  

p a r t i c u l a r ,   the   " g a t e "   or  c o n t r o l   e l e c t r o d e   16  n o r m a l l y  

d e t e r m i n e s   such  c u r r e n t   l e v e l ,   d e p e n d i n g   upon  t he   a m p l i t u d e  

of  a  c o n t r o l   v o l t a g e   i m p r e s s e d   on  i t .   Normal   o p e r a t i o n   of  t h e  

MOSFET  10  is  s u b j e c t ,   h o w e v e r ,   to  the   a d v e r s e   e f f e c t   o f  

t u r n - o n   of  i t s   i n h e r e n t   p a r a s i t i c   N-P-N  t r a n s i s t o r ,  

f o r m e d   f rom  N  r e g i o n   18,  P  BASE  20,  and  N +  SOURCE  22.  I f   t h e  

p a r a s i t i c   t r a n s i s t o r   t u r n s - o n ,   the   MOSFET  10  b e g i n s   to  l o s e  

c o n t r o l   of  t he   e x t e r n a l   c i r c u i t   c u r r e n t   l e v e l .   The  p a r a s i t i c  

t r a n s i s t o r   can  become  so  c o n d u c t i v e   t h a t   a l l   c o n t r o l   of  t h e  

e x t e r n a l   c i r c u i t   c u r r e n t   l e v e l   is  l o s t ,   and  the   MOSFET  10 

i t s e l f   can  be  d e s t r o y e d .  

The  p a r a s i t i c   t r a n s i s t o r   w i l l   t u r n - o n   i f   any  p o r t i o n  

of  t he   P-N  j u n c t i o n   24  b e t w e e n   P  BASE  20  and  N+ SOURCE  22 

( e . g . ,   b e t w e e n   l o c a t i o n s   A  and  C)  becomes   f o r w a r d   b i a s e d   b y  

more  t h a n   a b o u t   0.7  v o l t s  ( f o r   a  s i l i c o n   d e v i c e ) .   To  r e d u c e  

t h i s   l i k e l i h o o d ,   an  e l e c t r i c a l   s h o r t   b e t w e e n   P  BASE  20  a n d  

N   SOURCE  22  is  i m p l e m e n t e d   at   l o c a t i o n  B   by  s o u r c e   e l e c t r o d e  

12.  As  a  r e s u l t ,   the   v o l t a g e   drop  a c r o s s   the   P-N  j u n c t i o n   24 

at   l o c a t i o n  B   is  h e l d   to  0  v o l t s .   Th i s   c o n d i t i o n ,   h o w e v e r ,   d o e s  

no t   h o l d   fo r   p o r t i o n s   of  the   P-N  j u n c t i o n   24  r e m o t e   from  l o c a t i o n  

B.  I n d e e d ,   the   v o l t a g e   drop  b e t w e e n   l o c a t i o n s   A  and  C  c a n  

r i s e   above   0.7  v o l t s   i f   s u f f i c i e n t   h o l e   c u r r e n t   f l ows   b e t w e e n  



l o c a t i o n s   A  and  B  in  P  BASE  20,  r e s u l t i n g   in  a  v o l t a g e   d r o p  

from  l o c a t i o n   A  to  B.  In  MOSFET  10,  t h e r e   a re   two  m e c h a n i s m s  

which   can  c a u s e   t h i s   t y p e   of  h o l e   c u r r e n t .   One  is   known  a s  

" l e a k a g e "   c u r r e n t ,   w h i c h   o c c u r s   when  the   MOSFET  10  is   in  a  

" b l o c k i n g "   s t a t e ,   in  w h i c h   i t   does   no t   c o n d u c t   e x t e r n a l  

d e v i c e   c u r r e n t ;   the   o t h e r   o c c u r s   when  the   MOSFET  10  i s   in   t h e  

p r o c e s s   of  c h a n g i n g   f rom  i t s   c o n d u c t i n g   s t a t e   to  i t s   b l o c k i n g  

s t a t e ,   and  an  e x c e s s   of  h o l e s   in  P  BASE  20  a re   c a u s e d   to  f l o w  

to  t he   s o u r c e   e l e c t r o d e   n e a r   l o c a t i o n   B.  

The  l o n g e r   t h e   d i s t a n c e   A - B  a l o n g   P-N  j u n c t i o n   2 4 ,  

the  h i g h e r   the   v o l t a g e   d rop   b e t w e e n   l o c a t i o n s   A  and  B,  a n d  

the   more  l i k e l y   P-N  j u n c t i o n   24  w i l l   become  f o r w a r d   b i a s e d  

above  0 .7  v o l t s ,   w i t h   a t t e n d a n t   t u r n - o n   of  the   p a r a s i t i c  

t r a n s i s t o r .   T h e r e f o r e ,   i t   w o u l d   be  d e s i r a b l e   to  r e d u c e   t h e  

d i s t a n c e   A-B,  fo r   e x a m p l e ,   by  r e d u c i n g   the   l e n g t h   of  N+  SOURCE 

22;  t h a t   i s ,   i t s   h o r i z o n t a l   d i m e n s i o n   in  FIGURE  l A .  

The  p r i o r   a r t   t e c h n i q u e   of  f a b r i c a t i n g   e l e c t r i c a l  

s h o r t s   in  t he   MOSFET  10,  such   as  at  l o c a t i o n   B,  h o w e v e r ,  

r e s u l t s   in   a  l e n g t h y   N   SOURCE  22.  Th is   is   b e c a u s e   the   t e c h n i q u e  

i n c l u d e s   a  d e l i c a t e   a l i g n m e n t   s t e p ,   and  the   N   SOURCE  22  m u s t  

be  l ong   in  o r d e r  t o   a c c o m m o d a t e   t he   u n a v o i d a b l e   a l i g n m e n t  

t o l e r a n c e . .   These   p a r t i c u l a r s ,   as  w e l l   as  f u r t h e r   d r a w b a c k s  

of  t he   p r i o r   a r t   t e c h n i q u e ,   can  be  more  e a s i l y   a p p r e c i a t e d  

by  r e f e r r i n g   to  FIGURES  1B  and  1 C .  

FIGURE  1B  shows  a  s e m i c o n d u c t o r   body  28  i n c l u d i n g  

N+  DRAIN  30,  N  r e g i o n   18,  and  P  BASE  20.  A  d i f f u s i o n   b a r r i e r  

or  mask  32,   such  as  s i l i c o n   d i a x i d e , i s   p r o v i d e d   on  the   u p p e r  

s u r f a c e   33  of  the   body  28.  The  d i f f u s i o n   mask  32  d e f i n e s  

d i f f u s i o n   window  34  (and  a d j a c e n t   d i f f u s i o n   w i n d o w s ) .   An 



N   d i f f u s i o n   of  d o p a n t   t h r o u g h   the   u p p e r   s u r f a c e   33  i s  

p e r f o r m e d   and  fo rms   the   N   SOURCE  22  (shown  in  p h a n t o m ) .  

As  shown  in  FIGURE  1C,  an  e t c h   b a r r i e r   or  mask  3 8 .  

such   as  s i l i c o n   d i o x i d e ,   is  n e x t   p r o v i d e d   on  the   u p p e r   s u r f a c e  

33.  The  e t c h   mask  38  d e f i n e s   an  e t c h   window  40.  An  e t c h a n t  

is  a p p l i e d   t h r o u g h   the   e t c h   window  40  to  remove   s e m i c o n d u c t o r  

m a t e r i a l   f rom  the   body  28  to  fo rm  g r o o v e   42  ( shown   in  p h a n t o m ) ,  

n e c e s s a r y   fo r   i m p l e m e n t i n g   the   c o m p l e t e d   MOSFET  1 0  ( F I G . 1 ) .   P r o p e r  

c o n s t r u c t i o n   of  t he   N   SOURCE  22  r e q u i r e s   t h a t   the   e t c h   w i n d o w  

40  be  a l i g n e d   as  c l o s e l y   as  is   f e a s i b l e   to   the   c e n t e r   of  t h e  

N   SOURCE  22.  However,  t h i s  a l i g n m e n t   s t e p   is  e x t r e m e l y   d e l i c a t e ,  

s i n c e   the   d i m e n s i o n s   i n v o l v e d   a re   e x c e e d i n g l y   m i n u t e   ( e . g . ,  

on  t he   o r d e r   of  5  m i c r o n s ) .  

B e c a u s e   the   f o r e g o i n g   a l i g n m e n t   s t e p   is  d e l i c a t e ,  

p r e c i s e   a l i g n m e n t   is  no t   c o n s i s t e n t l y   a t t a i n a b l e .   C o n s e q u e n t l y ,  

t he   e t c h   window  40  f a l l s   at   r andom  w i t h i n   a  m i n i m u m  

a l i g n m e n t   t o l e r a n c e   44.  In  o r d e r   to  a c c o m m o d a t e   the   a l i g n m e n t  

t o l e r a n c e   44,  the   c o m p l e t e d   N   SOURCE  22  must   be  l e n g t h y .  

T h i s ,   h o w e v e r ,   i n c r e a s e s   t he   r i s k   of  the   p a r a s i t i c   t r a n s i s t o r  

t u r n i n g   on.  A  f u r t h e r   d r a w b a c k   of  h a v i n g   the   N+  SOURCE  22  

l e n g t h y i s   t h a t   t he   i n d i v i d u a l   s i z e   of  each   c e l l   in  the   MOSFET 

10  i s   i n c r e a s e d .   Th i s   u n d e s i r a b l y   l i m i t s   the   amount   o f  

c u r r e n t   t h a t   the   MOSFET  10  can  c a r r y ,   and  r e d u c e s   the  m a n u -  

f a c t u r i n g   y i e l d   of  o p e r a b l e   MOSFETs.  A d d i t i o n a l l y ,   t h e  

i n c l u s i o n   of  the   f o r e g o i n g   d e l i c a t e   a l i g n m e n t   s t e p   f u r t h e r  

r e d u c e s   the   m a n u f a c t u r i n g   y i e l d   of  o p e r a b l e   MOSFETs. 

The  d e t a i l s   of  our   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   i n  

c o n n e c t i o n   w i t h   the   e m b o d i m e n t   of  FIGURES  2A-2G  i n c l u s i v e ,  



i l l u s t r a t i n g   a  p r e f e r r e d   m e t h o d   of  f a b r i c a t i n g   a  MOSFET. 

As  shown  in  FIGURE  2A,  we  p r o v i d e   a  s e m i c o n d u c t o r  

body  50,  t y p i c a l l y   of  s i l i c o n ,   and  which   is  s u i t a b l y   i d e n t i c a l  

to  the   p r i o r   a r t   body  28  shown  in  FIGURE  lB.  In  p a r t i c u l a r ,  

N   DRAIN  52  t y p i c a l l y   c o m p r i s e s   a  s u b s t r a t e   l a y e r ,   w i t h   N - t y p e  

l a y e r   54  e p i t a x i a l l y   grown  on  N+  DRAIN  52,  and  P  BASE  5 6  .  

e p i t a x i a l l y   grown  (or   d i f f u s e d   i n t o )   t he   N - t y p e   l a y e r   5 4 .  

Th i s   c o n s t r u c t i o n   is   t y p i c a l   of  " p o w e r "   MOSFET,  or  MOSFETs 

d e s i g n e d   to  c a r r y   s u b s t a n t i a l   l e v e l s   of  c u r r e n t .   Our  i n v e n t i o n ,  

h o w e v e r ,   can  be  p r a c t i s e d   w i t h   n o n - p o w e r   d e v i c e s .  

FIGURE  2A  a d d i t i o n a l l y   i l l u s t r a t e s   a  p r o c e s s i n g   s t e p  

fo r   i m p l e m e n t i n g   P   r e g i o n   58  ( shown  in  p h a n t o m ) .   We  d i f f u s e  

a  v e r y   s h a l l o w   ( i . e . ,   a  f r a c t i o n   of  a  m i c r o m e t e r )  l a y e r   o f  

P - t y p e   d o p a n t ,   such  as  b o r o n ,   a t   a  h i g h   d o p a n t   c o n c e n t r a t i o n ,  

i n t o   t he   u p p e r   s u r f a c e   60  of  t he   w a f e r   50.  T h i s   s t e p  

is  known  in  t he   a r t   as  p r e d e p o s i t i o n .  

We  t h e n   p r o v i d e   a  t h i c k   l a y e r   ( e . g . , 2   m i c r o m e t e r s )   o f  

s i l i c o n   d i o x i d e , o r  o t h e r   s u i t a b l e   d i f f u s i o n   r e s i s t a n t   m a t e r i a l ,  

to  the   body   u p p e r   s u r f a c e   60,  and  p a t t e r n   i t   u s i n g   p h o t o -  

l i t h o g r a p h y   (a  known  t e c h n i q u e )   to  p r o v i d e   a  mask  62,  as  s h o w n  

in  FIGURE  2B,  which   d e f i n e s   a  window  6 4 .  

As  shown  in  p h a n t o m   in  FIGURE  2B,  we  e t c h   away  t h e  

P  r e g i o n   58  in  the   window  64  of  t h e / d e p i c t e d   c e l l , o r   r e p e a t e d  

u n i t  o f   s t r u c t u r e   in  the   body  5 0 , a n d   s i m u l t a n e o u s l y   e t c h / t h e  

P+  r e g i o n   58  in  a d j a c e n t   c e l l s .   (For  s i m p l i c i t y ,   t h e  

d e s c r i p t i o n   b e l o w   is  e x p l i c i t   o n l y   as  to  the   c e n t r a l   c e l l ) .  

Th i s   e t c h i n g   need   no t   be  a n i s o t r o p i c ,   or  d i r e c t i o n a l .   A 

s u i t a b l e   e t c h i n g   t e c h n i q u e ,   f o r   e x a m p l e ,   is  p l a n a r   p l a s m a  

e t c h i n g .  



N e x t ,   as  i l l u s t r a t e d   in   FIGURE  2C,  we  d i f f u s e   a n  

N - t y p e   d o p a n t ,   s u c h   as  p h o s p h o r u s ,   t h r o u g h   t he   window  64 

to   f o r m   N+  SOURCE  66  ( shown  in   p h a n t o m ) .  

D u r i n g   t h i s   d i f f u s i o n   s t e p ,   t h e   s h a l l o w   P   r e g i o n   58  i s   " d r i v e n " ,  

or  t h e r m a l l y   d i f f u s e d   d e e p e r ,   i n t o   t he   body  50  (as  i s   a p p a r e n t   i n  

t h e   FIGURE  2 D ) .  

A f t e r   t h e   N+  SOURCE  66  i s   i m p l e m e n t e d ,   t he   mask  62 

s e r v e s   a n   a d d i t i o n a l   p u r p o s e   as  an  e t c h   b a r r i e r   or  m a s k ,  

as  shown  in   FIGURE  2D.  T h r o u g h   t h e   same  window  6 4 ,  

d e f i n e d   by  t h e   mask   62,  we  a p p l y   an  e t c h a n t   to  e t c h   i n t o   t h e  

s e m i c o n d u c t o r   b o d y   50.  In  t he   p r e f e r r e d   e m b o d i m e n t ,   t h e  

e t c h a n t   i s   d e p e n d e n t   upon   t h e   c r y s t a l   o r i e n t a t i o n   of  t h e  

s i l i c o n   b o d y   5 0 , s u c h   o r i e n t a t i o n   b e i n g   ( 1 0 0 ) .   An  o r i e n t a t i o n -  

d e p e n d e n t   e t c h a n t ,   a  s p e c i f i c   t y p e   o f  a n i s o t r o p i c   e t c h a n t ,  

e t c h e s   i n   d i f f e r e n t   d i r e c t i o n s   in  t he   body  50  at  d i f f e r e n t  

r a t e s ,   a n d ,   as  shown  in  FIGURE  2D,  e t c h e s   c o m p l e t e l y   t h r o u g h  

t h e   N   SOURCE  66  and  p r o d u c e s   a  V - s h a p e d   g r o o v e   68  ( shown  i n  

i n   p h a n t o m ) ,  w i t h   or  w i t h o u t   a  f l a t   b o t t o m   70.  Such  e t c h a n t  

does   n o t   u n d e r c u t   b e n e a t h   t he   mask  62  and  h e n c e / c o m p l e t e l y  

e t c h   away  t h e   N+  SOURCE  66.  T h i s   a l l o w s   p o r t i o n s   of  N+  SOURCE 

66  b e n e a t h   t h e   mask   62,  or  " s h o u l d e r s "   72,  to  r e m a i n   i n t a c t .  

As  shown  in  FIGURE  2E,  w e : n e x t   p r o v i d e   an  i n s u l a t i n g  

l a y e r   73  to  c o v e r   t h e   s u r f a c e   of  t he   g r o o v e   68.  A  p r e f e r r e d  

way  of   i m p l e m e n t i n g   the   l a y e r   73  is  by  g r o w i n g   i t   as  an  o x i d e  

o f   t h e   s e m i c o n d u c t o r   body  50.  T h i s   is  a c c o m p l i s h e d   by  e x p o s i n g  

t h e   b o d y   50  to  o x y g e n   a t   h i g h   t e m p e r a t u r e .  

N e x t ,   as  shown  in  FIGURE  2F,  we  s e l e c t i v e l y   r e m o v e  

p o r t i o n s   of  t h e   i n s u l a t i n g   l a y e r   62  to  p r o v i d e   o p e n i n g s   7 5 .  

T h i s   i s   a c c o m p l i s h e d   by  p h o t o l i t h o g r a p h y .  



o v e r   t h e  
We  t h e n   a p p l y   m e t a l l i z a t i o n / e n t i r e   u p p e r   s u r f a c e   of  t h e  

s t r u c t u r e   of  FIGURE  2 F , a n d   s e l e c t i v e l y   r emove   p o r t i o n s   of  s u c h  

m e t a l l i z a t i o n ,   as  shown  in  FIGURE  2G.  The  r e m a i n i n g   m e t a l l i z a -  

t i o n   74  fo rms   a  g a t e   e l e c t r o d e ,   and  the   r e m a i n i n g   m e t a l l i z a t i o n  

76  fo rms   a  s o u r c e   e l e c t r o d e   in  c o n t a c t   w i t h   t he   P+  r e g i o n   5 8 .  

We  l a s t l y   a p p l y   m e t a l l i z a t i o n   78  to  t he   l o w e r   s u r f a c e   of  t h e  

N+  DRAIN  52  to  f o r m  a   d r a i n   e l e c t r o d e   and  i m p l e m e n t   the  MOSFET  8 0 .  

I n  t h e   MOSFET  8 0 , t h e   P   r e g i o n   58  a d v a n t a g e o u s l y   c o m p l e t e s  

an  e l e c t r i c a l   s h o r t   b e t w e e n   P  BASE  56  and  N+  SOURCE  6 6 , e . g . ,  

l o c a t i o n   E.  T h i s   e l e c t r i c a l   s h o r t  h a s   t h r e e   c o m p o n e n t s .   One  

c o m p o n e n t   c o m p r i s e s   t he   j u n c t i o n   82  b e t w e e n   the   P   r e g i o n   58  a n d  

the   N   SOURCE  6 6 , w h i c h   j u n c t i o n   f o r m s   a  " t u n n e l "   j u n c t i o n ,  

b e c a u s e   e a c h   of  t he   f o r e g o i n g   r e g i o n s   is   h e a v i l y   d o p e d ( i . e . , e a c h  

has   a  d o p i n g   c o n c e n t r a t i o n   in   e x c e s s   of   a b o u t   1019  d o p a n t   a t o m s  

pe r   cc  of  s i l i c o n ) .   The  t u n n e l   j u n c t i o n   82  c o n s t i t u t e s   a  l o w  

r e s i s t a n c e   c o n n e c t i o n   b e t w e e n   t he   N+  SOURCE  66  and  the   P+  r e g i o n  

5 8 , a t   l e a s t   d u r i n g   n o r m a l   d e v i c e   o p e r a t i o n .   T u n n e l   j u n c t i o n s   a r e  

d i s c u s s e d   more  f u l l y , f o r   e x a m p l e ,   in  S . M . S z e , P h y s i c s   of  S e m i c o n -  

d u c t o r   D e v i c e s ,   New  York:   W i l e y - I n t e r s c i e n c e , 1 9 6 9 , C h a p t e r   4 .  

The  s e c o n d   c o m p o n e n t   of  the   e l e c t r i c a l   s h o r t / l o c a t i o n   E  c o m p r i s e s  

the   j u n c t i o n   8 4 , b e t w e e n   P  BASE  56  and  P+  r e g i o n   58.  The  j u n c t i o n  

84  c o n s t i t u t e s   a  low  r e s i s t a n c e   p a t h   b e t w e e n   the   P  BASE  56  a n d  

the   P+  r e g i o n   58,  b e c a u s e   h o l e s   can  f r e e l y   p a s s   f rom  t h e  

P  BASE.56  to  t he   P+  r e g i o n   58.  The  t h i r d   c o m p o n e n t   of  t h e  

e l e c t r i c a l   s h o r t / l o c a t i o n   E  c o m p r i s e s   t he   P   r e g i o n   58,  in  t h e  

v i c i n i t y / l o c a t i o n   E,  b e t w e e n   the   t u n n e l   j u n c t i o n   82  and  t h e  

j u n c t i o n   84.  T h i s   is  b e c a u s e   the   r e g i o n   58  is  h i g h l y   d o p e d ,  

and  so  c o n s t i t u t e s   a  low  r e s i s t a n c e   p a t h   b e t w e e n   the   j u n c t i o n s  



82  and  84.  All   t h r e e   of  the   f o r e g o i n g   low  r e s i s t a n c e   p a t h s  

c o l l e c t i v e l y   p r o v i d e   a  low  r e s i s t a n c e   p a t h   b e t w e e n   the  P  BASE 

56  and  the  N   SOURCE  66,  t h u s   i m p l e m e n t i n g   the   e l e c t r i c a l   s h o r t  

b e t w e e n   t h e s e   r e g i o n s   at   l o c a t i o n   E .  

The  t u n n e l   j u n c t i o n   82  is  a l s o   p a r t   of  a  l o w  

r e s i s t a n c e   p a t h   b e t w e e n   t he   N   SOURCE  66  and  the   s o u r c e  

e l e c t r o d e   76,  such  low  r e s i s t a n c e   p a t h   a l s o   i n c l u d i n g   t h e  

h i g h l y - d o p e d   P   r e g i o n   58.  B e c a u s e   the   P   r e g i o n   58  i s  

h i g h l y - d o p e d   and  t h u s   c o n d u c t i v e ,   the   s o u r c e   e l e c t r o d e   76 

o n l y   n e e d s   to  make  c o n t a c t   w i t h   i t   at   i s o l a t e d   l o c a t i o n s .  

The  MOSFET  80  p o s s e s s e s   s i g n i f i c a n t   a d v a n t a g e s   o v e r  

t he   p r i o r   a r t   MOSFET  10,  d e s c r i b e d   a b o v e .   F i r s t   and  f o r e m o s t ,  

the   l e n g t h   of  the   N+  SOURCE  66  is  d r a s t i c a l l y   r e d u c e d   c o m p a r e d  

to  the   p r i o r   a r t .   T h i s   is   b e c a u s e   a l l   bu t   t he   s h o u l d e r s   72  o f  

the   N   SOURCE  66  have   b e e n   e t c h e d   away.  A c c o r d i n g l y ,   t h e  

e l e c t r i c a l   s h o r t   at  l o c a t i o n   E  is   h i g h l y   e f f e c t i v e .   Th i s   i s  

b e c a u s e   h o l e   c u r r e n t   f l o w i n g   in  P  BASE  56,  from  l o c a t i o n   D 

to  l o c a t i o n   E,  p r o d u c e s   o n l y   a  low  v o l t a g e   drop  b e c a u s e   t h e  

d i s t a n c e   D-E  is  s h o r t .   A c c o r d i n g l y ,   i t   is   u n l i k e l y   t h a t   a n y  

p o r t i o n   o f . P - N   j u n c t i o n   86  b e t w e e n   P  BASE  56  and  N+  SOURCE  66  

( e . g . ,   b e t w e e n   l o c a t i o n s   D  and  F)  can  become  e x c e s s i v e l y   f o r w a r d  

b i a s e d .   This   g r e a t l y   r e d u c e s   the   l i k e l i h o o d   of  t u r n - o n   of  t h e  

p a r a s i t i c   b i p o l a r   t r a n s i s t o r   in  the   MOSFET  8 0 ( i . e . ,   t h e  

t r a n s i s t o r   fo rmed  by  N - r e g i o n   54,  P  BASE  56,  and  N   SOURCE  6 6 ) .  

S i g n i f i c a n t l y ,   MOSFETs  made  by  our   i n v e n t i o n   a l l o w  

r e d u c e d   c e l l   s i z e   u s i n g   p r e s e n t   s t a t e   of  the   a r t   p r o c e s s i n g  

t e c h n i q u e s .   For  a  t y p i c a l   MOSFET,  t h i s   s i z e   r e d u c t i o n   a m o u n t s  

to  a b o u t   50  p e r c e n t .   T h i s   d r a m a t i c a l l y   i n c r e a s e s   t h e  



m a n u f a c u r i n g   y i e l d   of  o p e r a b l e   MOSFETs,  wh ich   makes  them  l e s s  
i n c r e a s e s   t h e  

c o s t l y .   A d d i t i o n a l l y ,   the   s i z e   r e d u c t i o n / c u r r e n t - c a r r y i n g  

c a p a b i l i t y   of  a  500  v o l t - r a t e d   MOSFET by  a b o u t   30  p e r c e n t ,   a n d  

of  a  50  v o l t - r a t e d   MOSFET  by  a b o u t  1 0 0  p e r c e n t .   A c c o r d i n g l y ,  

s m a l l e r   and  l e s s   c o s t l y   MOSFETs  made  in  a c c o r d a n c e   w i t h   o u r  

i n v e n t i o n   a r e   n e e d e d   in  a  g i v e n   a p p l i c a t i o n ,   c o m p a r e d   w i t h  

MOSFETs  made  by  the   c o n v e n t i o n a l   m e t h o d s .  

Our  f o r e g o i n g   m e t h o d   of  f a b r i c a t i n g   t he   MOSFET  80 

c o u l d   be  m o d i f i e d ,   f o r   e x a m p l e ,   by  e m p l o y i n g   an  a n i s o t r o p i c  

e t c h a n t   o t h e r   t h a n   the   p r e f e r r e d   o r i e n t a t i o n - d e p e n d e n t  e t c h a n t  
s u c h  

m e n t i o n e d   a b o v e .   H o w e v e r , / o t h e r   s u i t a b l e   e t c h a n t s   m u s t  

a l l o w   s h o u l d e r s   72  of  the   N+  SOURCE  66  to  r e m a i n   i n t a c t .   By 

way  of  example,these other  s u i t a b l e   e t c h a n t s   i n c l u d e   a  v e r t i c a l l y  

c o l l i m a t e d   beam  of  r e a c t i v e   i o n s   and a  p l a n a r   p l a s m a   e t c h a n t .  

T h e s e   e t c h a n t s   t e n d   to  form  a  g r o o v e   68  (FIGURE  2D)  h a v i n g  

more  o f  a   U - s h a p e   t h a n   a  V - s h a p e .   These   e t c h a n t s   do  n o t  
to  b e  

r e q u i r e   t he   s e m i c o n d u c t o r   b o d y / ( 1 0 0 )   c r y s t a l   o r i e n t e d ,   as  d o e s  

the  p r e f e r r e d ,   o r i e n t a t i o n - d e p e n d e n t   e t c h a n t .  

A  f u r t h e r   m o d i f i c a t i o n   of  our  f o r e g o i n g   m e t h o d  

of  f a b r i c a t i n g   the   MOSFET  80  (FIGURE  2G)  is  to  form  the   g a t e  

e l e c t r o d e   74  f rom  a  c o n d u c t i v e   r e f r a c t o r y   m a t e r i a l ,   r a t h e r  

t h a n  b y  m e t a l l i z a t i o n .   S u i t a b l e   r e f r a c t o r y   m a t e r i a l s   i n c l u d e  

h i g h l y - d o p e d   p o l y s i l i c o n ,   m o l y b d e n u m   s i l i c i d e   and  t u n g s t e n  

s i l i c i d e .   I f   p o l y s i l i c o n   were   u s e d ,   our  f o r e g o i n g   m e t h o d  

c o u l d   be  a l t e r e d   as  f o l l o w s ,   by  way  of  e x a m p l e .   A f t e r   t h e  

i n s u l a t i n g   l a y e r   62 of   FIGURE  2E  has  been  f o r m e d ,   p o l y s i l i c o n  

(no t   i l l u s t r a t e d )   is  d e p o s i t e d   on  the   u p p e r   s u r f a c e   of  t h e  

s t r u c t u r e   shown  in  FIGURE  2E.  The  p o l y s i l i c o n   l a y e r   is  h i g h l y  



doped   to  make  i t   c o n d u c t i v e ,   and  is  p a t t e r n e d   to  r emove   i t  

f rom  the   d e s i r e d   l o c a t i o n s   fo r   t he   s o u r c e   e l e c t r o d e .   A  l a y e r  

of  o x i d e   is  grown  on  the   p o l y s i l i c o n   by  e x p o s i n g   i t   t o  

o x y g e n   a t   h i g h   t e m p e r a t u r e ,   o p e n i n g s   s i m i l a r   to  o p e n i n g s  

75  (FIGURE  2F)  a re   made,   and ,   f i n a l l y ,   m e t a l l i z a t i o n   i s  

a p p l i e d  t o   t he   u p p e r   s u r f a c e   of  t he   m o d i f i e d   s t r u c t u r e   t o  

i m p l e m e n t   t he   s o u r c e   e l e c t r o d e .  

Our  i n v e n t i o n   is  a p p l i c a b l e   to  s e m i c o n d u c t o r   d e v i c e s  

o t h e r   t h a n   MOSFETs.  A n o t h e r   a p p r o p r i a t e   s e m i c o n d u c t o r  

d e v i c e   is   an  i n s u l a t e d   g a t e   r e c t i f i e r   ( IGR) ,   shown  i n  

FIGURE  3.  The  IGR  90  i n c l u d e s   a .P+   s u b s t r a t e   92,  in  c o n t r a s t  

w i t h   t he   N+  DRAIN  s u b s t r a t e   52  of  the   MOSFET  80.  W i t h  

t h i s   s u b s t i t u t i o n ,   the   f o r e g o i n g   m e t h o d   of  f a b r i c a t i n g  

the   p r e s e n t   e m b o d i m e n t   of  our   i n v e n t i o n   is   a p p l i c a b l e  

to  IGR  9 0 .  

D e t a i l s   of  t he   s t r u c t u r e   and  o p e r a t i o n   of  an  IGR 

d e v i c e ,   such   as  the   IGR  90,  a r e   d e s c r i b e d   in  the   a b o v e -  

r e f e r e n c e d   p a t e n t   a p p l i c a t i o n ,   S e r i a l   No.  212,  1 8 1 .  



Our  i n v e n t i o n   a t t a i n s   a d v a n t a g e s   f o r   t h e   IGR  9 0 ,  

w h i c h   a r e   s i m i l a r   to  t he   a b o v e - m e n t i o n e d   a d v a n t a g e s   fo r   t h e  

MOSFET  80.  In  p a r t i c u l a r ,   t he   p a r a s i t i c   N - P - N  

t r a n s i s t o r   in  the   IGR  90,  f o rmed   by  N  r e g i o n   94,  P  r e g i o n   9 6 ,  

and  N   r e g i o n   97,  is  e l e c t r i c a l l y   c o u p l e d   in   t h y r i s t o r   f a s h i o n  

to  a  p a r a s i t i c   P-N-P  t r a n s i s t o r   --   n a m e l y ,   t h e  

t r a n s i s t o r   f o r m e d   by  P   r e g i o n   92,  N  r e g i o n   94,  and  P  r e g i o n   9 6 .  

A c c o r d i n g l y ,   t h e s e   p a r a s i t i c   t r a n s i s t o r s   can  " l a t c h " ,   or  b e c o m e  

e s t a b l i s h e d   in  a  c u r r e n t - c o n d u c t i n g   s t a t e ,   i f   t h e   N-P-N  (or  u p p e r  

t r a n s i s t o r )   is   a l l o w e d   to  t u r n  o n .   O n c e  t h e   IGR  90 

b e c o m e s   l a t c h e d ,   c o n t r o l   of  i t s   c u r r e n t   l e v e l   by  i t s   g a t e   98 

is   t o t a l l y   l o s t .   Th i s   r i s k   of  t h e  I G R   90  b e c o m i n g   l a t c h e d   i s  

a l w a y s   p r e s e n t   when  t h e   IGR  90  is  in  i t s   a c t i v e   or  c u r r e n t -  

c a r r y i n g   s t a t e .   Our  i n v e n t i o n   g r e a t l y   d i m i n i s h e s   t h i s   r i s k   b y  

p r e v e n t i n g   the   N-P-N  t r a n s i s t o r   f rom  b e c o m i n g   e x c e s s i v e l y  

a c t i v e .   T h i s   is  b e c a u s e   the   d i s t a n c e   H-I   in   P  r e g i o n   96  a l o n g  

P-N  j u n c t i o n   100  is  so  s h o r t   t h a t   P-N  j u n c t i o n   100  ( e . g . ,  

b e t w e e n   l o c a t i o n s   H  a n d   J ) c a n n o t   become  e x c e s s i v e l y   f o r w a r d  

b i a s e d .   A d d i t i o n a l l y ,   the   IGR  90  can  have  a  r e d u c e d   c e l l   s i z e ,  

c o m p a r e d   to  IGRs  made  f rom  p r i o r   a r t   m e t h o d s ,   e n a b l i n g   t h e  

IGR  90  to  be  made  more  e c o n o m i c a l l y   and  c a r r y   more  c u r r e n t .  

The  m o d i f i c a t i o n s   to  our  me thod   of  f a b r i c a t i n g   t h e  

MOSFET  80,  d e s c r i b e d   a b o v e ,   a p p l y   e q u a l l y   w e l l   to  the   IGR  9 0 .  

Our  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in   c o n n e c t i o n  

w i t h  t h e   e m b o d i m e n t   of  FIGURES  4A-4E,  i l l u s t r a t i n g   a  

p r e f e r r e d   m e t h o d   of  f a b r i c a t i n g   a  MOSFET.  As  shown  i n  

FIGURE  4A,we  p r o v i d e   a  s e m i c o n d u c t o r   body  2 0 0 , t y p i c a l l y  

of  s i l i c o n .   The  body  200  t y p i c a l l y   c o m p r i s e s   a  s u b s t r a t e   2 0 2 ,  

c o n s t i t u t i n g   an  N   DRAIN,and  an  N  r e g i o n   2 0 4 ,  

t y p i c a l l y   e p i t a x i a l l y   grown  on  the   N+  DRAIN  2 0 2 .  



T h i s   c o n s t r u c t i o n   is  t y p i c a l   of  power   MOSFETs,  a l t h o u g h  

our  i n v e n t i o n   can  be  p r a c t i s e d   w i t h   n o n - p o w e r   d e v i c e s .  

On  the  u p p e r   s u r f a c e   205  of  the   body  200,  we  form  a n  

i n s u l a t i n g   l a y e r   206,  s u i t a b l y   by  g r o w i n g   an  o x i d e   on  the   b o d y  

200.  N e x t ,   we  form  a  c o n d u c t i v e   r e f r a c t o r y   m a t e r i a l   208  

(shown  p a r t i a l l y   b r o k e n   away)  on  the   i n s u l a t i n g   l a y e r   2 0 6 .  

Where ,   fo r   e x a m p l e ,   t he   r e f r a c t o r y   m a t e r i a l   c o m p r i s e s   p o l y s i l i c o n  

we  dope  i t   h i g h l y   to  make  i t   c o n d u c t i v e .   We  t h e n   p r e f e r a b l y  

form  i n s u l a t i n g   l a y e r   210  on  the   u p p e r   s u r f a c e   of  the   r e f r a c t o r y  

m a t e r i a l   208.  With  t he   r e f r a c t o r y   m a t e r i a l   208  c o m p r i s i n g   p o l y -  

s i l i c o n ,   the   i n s u l a t i n g   l a y e r   210  s u i t a b l y   c o m p r i s e s   an  o x i d e  

grown  t h e r e o n .   F i n a l l y ,   we  form  a  l a y e r   211  on  the   i n s u l a t i n g  

l a y e r   2 1 0 ,   i f   p r o v i d e d ,   or  d i r e c t l y   on  the   r e f r a c t o r y   m a t e r i a l  

208.   The  l a y e r   211  c o m p r i s e s   a  m a t e r i a l ,   such  as  a l u m i n u m  

o x i d e ,   wh ich   is  r e s i s t a n t   to  an  e t c h a n t , t h a t   e t c h e s   t h r o u g h  

s i l i c o n   d i o x i d e   and  s i l i c o n   d u r i n g   a  p r o c e s s i n g   s t e p   d e s c r i b e d  

b e l o w .  

We  t hen   p a t t e r n   the   l a y e r s   206,  208,  210  and  211  b y  

c o n v e n t i o n a l   p h o t o l i t h o g r a p h y   to  p r o d u c e   mask  216,  a p p e a r i n g  

in  FIGURE  4B.  The  mask  216  d e f i n e s   a  window  217  and  s e r v e s  

as  a  d i f f u s i o n   b a r r i e r   when  we  n e x t   make  a  P - t y p e   d i f f u s i o n  

t h r o u g h   the   window  217  to  form  P  BASE  218  (shown  in  p h a n t o m ) .  

As  shown  in  FIGURE  4C,  we  make  an  N+  d i f f u s i o n  

t h r o u g h   the  window  217  to  form  N+  SOURCE  220  (shown  in  p h a n t o m ) .  

The  N   d i f f u s i o n   e x t e n d s   l a t e r a l l y   b e n e a t h   the   r e f r a c t o r y  

m a t e r i a l   208,  i . e . ,   in  r e g i o n   222,  a p p r o x i m a t e l y   the   same 

d i s t a n c e   as  i t   d i f f u s e s   v e r t i c a l l y   downward .   Th i s   d i f f u s i o n  

o c c u r s   at  h i g h   t e m p e r a t u r e   in  an  o x i d i z i n g   a t m o s p h e r e .   As  a 



r e s u l t ,   t he   e x p o s e d   s u r f a c e s   2 1 9 ( s h o w n   in  FIGURE  4B)  of  t h e  

r e f r a c t o r y   m a t e r i a l   208  become  o x i d i z e d   so  t h a t   the  r e f r a c t o r y  

m a t e r i a l   208  becomes   s u r r o u n d e d   by  i n s u l a t i n g   m a t e r i a l ,   a s  

shown  in  FIGURE  4C.  S i m i l a r l y ,   the   e x p o s e d   p o r t i o n s   of  t h e  

s e m i c o n d u c t o r   body  s u r f a c e   2 0 5 ( s h o w n   in  FIGURE  4B)  b e c o m e s  

o x i d i z e d   to  form  o x i d e   l a y e r   2 2 1 , ( s h o w n   in  FIGURE  4 C ) .  

As  i l l u s t r a t e d   in  FIGURE  4D,  we  n e x t   a p p l y   an  a n i s o -  

t r o p i c   e t c h a n t   ( d e s c r i b e d   be low)   to  t he   o x i d e   l a y e r   2 2 1 ,  

t h r o u g h   the   same  window  217  wh ich   s e r v e d   as  t he   d i f f u s i o n  

window  f o r   the   N+  SOURCE  220.  T h i s   e t c h a n t   e t c h e s   t h r o u g h  

t he   o x i d e   l a y e r   221  and  at   l e a s t   s u b s t a n t i a l l y   a l l   the   w a y  

t h r o u g h   N+  SOURCE  220,   bu t   a l l o w s   s h o u l d e r s   223  of  t h e  

N   SOURCE  220  to  r e m a i n   i n t a c t .   In  t he   p r e f e r r e d   e m b o d i m e n t ,  

t h i s   e t c h a n t   s u i t a b l y   c o m p r i s e s   a  v e r t i c a l l y   c o l l i m a t e d   b e a m  

of  r e a c t i v e   i o n s   or   a  p l a n a r   p l a s m a   e t c h a n t ,   and  forms  a  

g e n e r a l l y   U - s h a p e d   g r o o v e   224.  A l t e r n a t i v e l y ,   a  V - s h a p e d  

g r o o v e   (no t   i l l u s t r a t e d )   c o u l d   be  f o r m e d   by  f i r s t   u s i n g   o n e  

of  t he   p r e c e e d i n g   e t c h a n t s   to  remove  the   o x i d e   l a y e r   2 2 1 ,  

and  t h e n   u s i n g   an  o r i e n t a t i o n - d e p e n d e n t   e t c h a n t   ( such   as  a  

m i x t u r e   of  p o t a s s i u m   h y d r o x i d e   and  i s o p r o p a n o l ,   in  t h e  

a p p r o x i m a t e   r a t i o   of  3  to  1)  to  e t c h   i n t o   the   s e m i c o n d u c t o r  

body  200.  In  t h i s   c a s e ,   the   body  200  wou ld   need   to  have   a  

(100)   c r y s t a l   o r i e n t a t i o n ,   and  an  i n s u l a t i n g   l a y e r   210  

(FIGURE  4A)  is  n e c e s s a r y ,   b e c a u s e   the   l a y e r   211  (a t   l e a s t  

w h e r e   i t   c o m p r i s e s   a l u m i n u m   o x i d e )   is  r e m o v e d   by  t h e  

o r i e n t a t i o n - d e p e n d e n t   e t c h a n t   ( a t   l e a s t   where   i t   c o m p r i s e s  

p o t a s s i u m   h y d r o x i d e ) .  



We  t h e n   form  t he   MOSFET  228  as  shown  in  FIGURE  4E 

by  a p p l y i n g   m e t a l l i z a t i o n   226  and  227  to  t he   u p p e r   and  l o w e r  

s u r f a c e s ,   r e s p e c t i v e l y ,   of  t he   s t r u c t u r e   of  FIGURE  4D.  An 

e l e c t r i c a l   s h o r t   in  t he   MOSFET  228  e x i s t s   at   l o c a t i o n   A,  

whe re   the   m e t a l l i z a t i o n   226  e l e c t r i c a l l y   c o n n e c t s   t h e  

P  BASE  218  to  the   N+  SOURCE  2 2 0 .  

- P r i o r   a r t   f o r   t he   MOSFET  2 2 8 ( a s   d e s c r i b e d   in   d e t a i l  

in  a  d i s c u s s i o n   by  B . J .   B a l i g a ,   " S i l i c o n   Power   F i e l d  

C o n t r o l l e d   D e v i c e s   and  I n t e g r a t e d   C i r c u i t s " ,   in  S i l i c o n  

I n t e g r a t e d   C i r c u i t s : P a r t   B,  e d i t e d   by  D.  Kahng ,   New  Y o r k :  

A c a d e m i c   P r e s s ( 1 9 8 1 ) ,   p a g e s   2 0 9 - 2 2 8 )   has  b a s i c a l l y   t he   s a m e  

d r a w b a c k s   of  the   p r i o r   a r t   MOSFET  10,  shown  in  FIGURE  1A 

and  d e s c r i b e d   a b o v e .   T h e s e   d r a w b a c k s   i n c l u d e   h a v i n g   a  

l e n g t h y   SOURCE,  r e q u i r i n g   a  d e l i c a t e   a l i g n m e n t   s t e p   f o r  

i m p l e m e n t i n g   e l e c t r i c a l   s h o r t s ,   and  i n c l u d i n g   m o r e  

p r o c e s s i n g   s t e p s   to  i m p l e m e n t   e l e c t r i c a l   s h o r t s .   A l l   o f  

t h e s e   d r a w b a c k s   a r e   o b v i a t e d   by  the   p r e s e n t  



e m b o d i m e n t   of  our  i n v e n t i o n .  

In  a  p r e f e r r e d   m o d i f i c a t i o n   of  the  p r e s e n t   e m b o d i m e n t ,  

we  form  more  r e l i a b l e   e l e c t r i c a l   s h o r t s   by  u s i n g   t u n n e l   j u n c t i o n s .  

To  i m p l e m e n t   t h i s   m o d i f i c a t i o n ,   we  c a r r y   out   a  P   d i f f u s i o n   t o  

form  P   r e g i o n   2 3 0 , a s   shown  in  p h a n t o m   in  FIGURE  4F,  upon  com-  

p l e t i n g   the   e t c h i n g   s t e p   shown  in  FIGURE  4D.  Both   the   P+ 

r e g i o n   230  and  the  N+  SOURCE  220  a r e   h i g h l y   doped   so  t h a t   t h e  

j u n c t i o n   231  b e t w e e n   them  c o m p r i s e s   a  t u n n e l   j u n c t i o n .   An 

e l e c t r i c a l   s h o r t   b e t w e e n   P  BASE  218  and  N+  SOURCE  220  e x i s t s  

at   l o c a t i o n   G,  a d j a c e n t   t u n n e l   j u n c t i o n   231  ( i n   s i m i l a r   f a s h i o n  

as  w i t h   the   e l e c t r i c a l   s h o r t   a t   l o c a t i o n  E   in  the   MOSFET  80 

of  FIGURE  2G).  We  n e x t ,  i m p l e m e n t   the   m o d i f i e d   MOSFET  238 as shown 

in FIGURE  4G  by  a p p l y i n g   m e t a l l i z a t i o n   234  and  2 3 6  

to  t he   u p p e r   and  lower   s u r f a c e s ,   r e s p e c t i v e l y ,   of  the   s t r u c t u r e  

of  FIGURE  4F .  

The  p r e s e n t   e m b o d i m e n t   of  our   i n v e n t i o n   a p p l i e s   t o  

s e m i c o n d u c t o r   d e v i c e s   o t h e r   t h a n   MOSFETs.  A n o t h e r  

a p p r o p r i a t e   s e m i c o n d u c t o r   d e v i c e   is  an  i n s u l a t e d   g a t e  

r e c t i f i e r   (IGR)  240,  as  shown  in  FIGURE  5.  The  IGR  240  i s  

s i m i l a r   to  the   MOSFET  238  (FIGURE  4G),  e x c e p t   t h a t   t h e  

IGR  240  i n c l u d e s   a  P   s u b s t r a t e   242,  in  c o n t r a s t   w i t h   t h e  

N+  DRAIN  s u b s t r a t e   202  of  the  MOSFET  238.  With  t h i s   s u b -  
me thod   o f  

s t i t u t i o n ,   the   f o r e g o i n g / f a b r i c a t i n g   of  the   p r e s e n t   e m b o d i m e n t  

of  our.  i n v e n t i o n   is  a p p l i c a b l e   to  the   IGR  2 4 0 .  

Whi le   the  i n v e n t i o n   has  been   d e s c r i b e d   w i t h   r e s p e c t  
to  s p e c i f i c   embod imen t s ' ,   many  m o d i f i c a t i o n s   and  s u b s t i t u t i o n s  



w i l l   be  a p p a r e n t   to  t h o s e   s k i l l e d   in  the  a r t .   For  e x a m p l e ,  

c o m p l e m e n t a r y   s e m i c o n d u c t o r   d e v i c e s   cou ld   be  made,   in  w h i c h  

P - t y p e   m a t e r i a l   is  u s e d   r a t h e r   t h a n   N - t y p e   m a t e r i a l ,   a n d  

v i c e - v e r s a .   F u r t h e r ,   a  "MOSFET"  is  i n t e n d e d   to  d e s c r i b e  

any  form  of  i n s u l a t e d   g a t e   f i e l d - e f f e c t   t r a n s i s t o r .  

A d d i t i o n a l l y ,   the   d i f f u s i o n   s t e p s   d e s c r i b e d   h e r e i n   c o u l d   i n c l u d e  

the  s t e p   of  ion  i m p l a n t i n g   --   a  t e c h n i q u e   of  i n j e c t i n g  

d o p a n t   a toms  i n t o   a  s e m i c o n d u c t o r   body  --  b e f o r e   the   d o p a n t  

a toms  a re   d i f f u s e d   d e e p e r   i n t o   t he   s e m i c o n d u c t o r   body .   I t   i s ,  

t h e r e f o r e ,   to  be  u n d e r s t o o d   t h a t   t he   a p p e n d e d   c l a i m s   a r e  

i n t e n d e d   to  c o v e r   t h e s e   and  a l l   such   m o d i f i c a t i o n s   and  s u b -  

s t i t u t i o n s   as  f a l l   w i t h i n   t he   t r u e   s p i r i t   and  s c o p e  

of  the   i n v e n t i o n .  



1.  In  a  m e t h o d   of  f a b r i c a t i n g   a  s e m i c o n d u c t o r   d e v i c e ,  

of  t h e   t y p e   w h e r e i n   a  mask  (62;   2 1 6 ) , d e f i n i n g   a  w i n d o w  

(64;   2 1 7 ) ,   is   a p p l i e d   to   a  m a j o r   s u r f a c e   (60;   205)  of  a  

s e m i c o n d u c t o r   body  (50;   2 0 0 ) ,   and  a  f i r s t   r e g i o n   (66;   2 2 0 )  

of  one  d o p a n t   t y p e   (N+)  i s   f o r m e d   in  a  s e c o n d   r e g i o n   (56;   2 1 8 )  

of  o p p o s i t e   d o p a n t   t y p e   (P)  in  s a i d   body  (50;   200)  by  d i f f u s i n g  

a  d o p a n t   of  s a i d   one  t y p e   i n t o   s a i d   body  (50;   200)  t h r o u g h  

s a i d   window  (64;   2 1 7 ) ,   w i t h   s a i d   mask  (62 ;   216)  s e r v i n g   a s  

a  d i f f u s i o n   b a r r i e r ,   t h e   i m p r o v e m e n t   c o m p r i s i n g :  

e t c h i n g   i n t o   s a i d   body  (50;   200)  t h r o u g h   s a i d   w i n d o w  

(64;   217)  w i t h   s a i d   mask  (62;   216)  s e r v i n g   as  an  e t c h   b a r r i e r ;  

s a i d   e t c h i n g   p e n e t r a t i n g   a t   l e a s t   s u b s t a n t i a l l y   a l l   t h e   w a y  

t h r o u g h   s a i d   f i r s t   r e g i o n   (66;   220)  bu t   a l l o w i n g   s h o u l d e r s  

(72)   of  s a i d   f i r s t   r e g i o n   (66;   220)  to   r e m a i n   i n t a c t .  

2.  The  i n v e n t i o n   a c c o r d i n g   to   c l a i m   1  w h e r e i n   t h e   s t e p  

of  e t c h i n g   i n t o   s a i d   body  (50;   200)  c o m p r i s e s   e t c h i n g   w i t h   a n  

a n i s o t r o p i c   e t c h a n t .  

3.  The  i n v e n t i o n   a c c o r d i n g   to   c l a i m   2  w h e r e i n   s a i d  

a n i s o t r o p i c   e t c h a n t   c o m p r i s e s   an  e t c h a n t   w h i c h   e t c h e s   in  a  

d i r e c t i o n   d e p e n d e n t   on  t h e   c r y s t a l   o r i e n t a t i o n   of  s a i d  

s e m i c o n d u c t o r   body  (50;   2 0 0 ) .  

4.  The  i n v e n t i o n   a c c o r d i n g   to   c l a i m   1  f u r t h e r   c o m p r i s i n g  

e l e c t r i c a l l y   c o n n e c t i n g   s a i d   f i r s t   (66;   220)  and  s e c o n d   r e g i o n s  

(56;   218)  to   form  e l e c t r i c a l   s h o r t s   (58;   230,   234)  t h e r e b e t w e e n .  



5.  The  i n v e n t i o n   a c c o r d i n g   to  c l a i m   1  w h e r e i n   t h e   s t e p  

of  e l e c t r i c a l l y   c o n n e c t i n g   s a i d   f i r s t   and  s e c o n d   r e g i o n s  

c o m p r i s e s   d i f f u s i n g   a  t h i r d   r e g i o n   (230)   of  o p p o s i t e   d o p a n t  

t y p e   (P)  i n t o   s a i d   s e m i c o n d u c t o r   body  ( 2 0 0 ) ,   s a i d   t h i r d  

r e g i o n   (230)   a d j o i n i n g   s a i d   s e c o n d   r e g i o n   (218)   and  f o r m i n g  

a  t u n n e l   j u n c t i o n   w i t h   s a i d   f i r s t   r e g i o n   ( 2 2 0 ) .  

6.  The  i n v e n t i o n   a c c o r d i n g   to   c l a i m   1  w h e r e i n   s a i d  

s e m i c o n d u c t o r   body  (50;   2 0 0  )   c o m p r i s e s   a  s u b s t r a t e   ( 5 2 ;  

92;  202;  242)  w i t h   an  e p i t a x i a l   l a y e r   (54,   56;  94,  96;  2 0 4 ;  

244)  t h e r e o n .  

7.  The  i n v e n t i o n   a c c o r d i n g   to  c l a i m . 6   w h e r e i n   s a i d   s u b -  

s t r a t e   (52;   202)  c o m p r i s e s   a  DRAIN  of  a  MOSFET  of  s a i d   o n e  

d o p a n t   t y p e .  

8.  The  i n v e n t i o n   a c c o r d i n g   to  c l a i m   6  w h e r e i n   s a i d   s u b -  

s t r a t e   c o m p r i s e s   a  r e g i o n   (92;   242)  of  an  i n s u l a t e d   g a t e  

r e c t i f i e r   of  s a i d   o p p o s i t e   d o p a n t   t y p e .  

9.  The  i n v e n t i o n   a c c o r d i n g   to  c l a i m   1  w h e r e i n   s a i d   m a s k  

(216)   c o m p r i s e s   c o n d u c t i v e   r e f r a c t o r y   m a t e r i a l   (208)   and  a n  

o x i d e   (206)   of  s a i d   s e m i c o n d u c t o r   body  ( 2 0 0 ) ,   s a i d   o x i d e   ( 2 0 6 )  

i n s u l a t i n g   s a i d   r e f r a c t o r y   m a t e r i a l   (208)   f rom  s a i d   body  ( 2 0 0 ) .  

10.  The  i n v e n t i o n   a c c o r d i n g   to  c l a i m   1  w h e r e i n   s a i d   o n e  

d o p a n t   t y p e   c o m p r i s e s   N - t y p e .  

11.  The  i n v e n t i o n   a c c o r d i n g   to  c l a i m   10  w h e r e i n   s a i d  

s e m i c o n d u c t o r   body  (50;   200)  c o m p r i s e s   s i l i c o n .  

12.  In  a  s e m i c o n d u c t o r   d e v i c e   h a v i n g   f i r s t   ( 6 6 ; 9 7 ; 2 2 0 )  

s e c o n d   ( 5 6 ; 9 6 ; 2 1 8 ) ,   t h i r d   (54;   94;  204;  244)  and  f o u r t h  

(52;   92;  202;  242)  s u c c e s s i v e l y   a d j o i n i n g   r e g i o n s ,   w i t h   s a i d  

f i r s t ,   s e c o n d   and  t h i r d   r e g i o n s   b e i n g   of  a l t e r n a t e   c o n d u c t i v i t y  

t y p e ;   a  f i r s t   e l e c t r o d e   (76;   234)  e l e c t r i c a l l y   c o n n e c t e d   t o  



s a i d   f i r s t   r e g i o n   (66;   97;  2 2 0 ) ;   a  s e c o n d   e l e c t r o d e   ( 7 8 ;  

236)  e l e c t r i c a l l y   c o n n e c t e d   to  s a i d   f o u r t h   r e g i o n   (52;   9 2 ;  

202;   242)  and  a  t h i r d   e l e c t r o d e   o v e r l y i n g   b u t   i n s u l a t e d   f r o m  

s a i d   s e c o n d   r e g i o n   (56;   9 6 ; 2 1 8 )   t h e  i m p r o v e m e n t   w h e r e i n   s a i d  

f i r s t   r e g i o n   (66;   97;  220)  c o m p r i s e s   a  d i f f u s e d   r e g i o n   h a v i n g  

a  l e n g h t   a p p r o x i m a t e l y   e q u a l   to   i t s   d i f f u s i o n   d e p t h .  

13.  The  i n v e n t i o n   a c c o r d i n g   to   c l a i m   12  w h e r e i n   s a i d   f i r s t  

r e g i o n   (66;   97;  220)  i s   e l e c t r i c a l l y   c o n n e c t e d   to   s a i d   s e c o n d  

r e g i o n   (56 ,   96;  218)  in  such   a  way  as  to   fo rm  an  e l e c t r i c a l  

s h o r t   t h e r e b e t w e e n .  

14.  The  i n v e n t i o n   a c c o r d i n g   to   c l a i m   13  f u r t h e r   c o m p r i s i n g  

a  f i f t h   reg ion(203)   c o n d u c t i v i t y   t y p e   (P)  o p p o s i t e   to   t h a t   o f  

s a i d   f i r s t   r e g i o n   ( 2 2 0 ) ;   s a i d   f i f t h   r e g i o n   (230)   a d j o i n i n g  

s a i d   s e c o n d   r e g i o n   (218)   and  f o r m i n g   a  t u n n e l   j u n c t i o n   w i t h  

s a i d   f i r s t   r e g i o n   ( 2 2 0 ) ,   t h e r e b y   i m p l e m e n t i n g   an  e l e c t r i c a l  

s h o r t   b e t w e e n   s a i d   f i r s t   and  s e c o n d   r e g i o n s .  

15.  The  i n v e n t i o n   a c c o r d i n g   to   c l a i m   12  w h e r e i n   s a i d  

f o u r t h   r e g i o n   (52;   92;  202;  242)  c o m p r i s e s   a  s u b s t r a t e   a n d  

s a i d   t h i r d   r e g i o n   (54;   94;  204;  244)  c o m p r i s e s   an  e p i t a x i a l  

l a y e r   on  s a i d   s u b s t r a t e .  

16.  The  i n v e n t i o n   a c c o r d i n g   to   c l a i m   15  w h e r e i n   s a i d  

s u b s t r a t e   (52;   202)  c o m p r i s e s   a  DRAIN  of  a  MOSFET  of  s a m e  

c o n d u c t i v i t y   t y p e   (N+)  as  t h a t   of  s a i d   f i r s t   r e g i o n   (66;   2 2 0 ) .  

17.  The  i n v e n t i o n   a c c o r d i n g   to   c l a i m   15  w h e r e i n   s a i d  

s u b s t r a t e   (92;   242)  c o m p r i s e s   a  r e g i o n   of  an  i n s u l a t e d   g a t e  
r e c t i f i e r   of  c o n d u c t i v i t y   t y p e   o p p o s i t e   (P+)  to   t h a t   o f  

s a i d   f i r s t   r e g i o n   ( 9 7 ) .  

18.  The  i n v e n t i o n   a c c o r d i n g   to   c l a i m   12  w h e r e i n   s a i d  

f i r s t   r e g i o n   (66;   97;  220)  is   of  N - t y p e   c o n d u c t i v i t y .  

19.  The  i n v e n t i o n   a c c o r d i n g   to   c l a i m   18  w h e r e i n   s a i d  

f i r s t ,   s e c o n d ,   t h i r d   and  f o u r t h  r e g i o n s   e a c h   c o m p r i s e s   s i l i c o n .  
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